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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an 
inexpensive optical module and a dispersion slope 
compensator which suppress the increase of the 
number of component items even when the number 
of wavelengths to perform dispersion compensation 
is increased. 

SOLUTION: The optical module is provided with an 
array waveguide diffraction grating 20 having: an 
optical input waveguide 2; a first slab waveguide 3; 
an array waveguide 4 composed of a plurality of 
channel waveguides 4a arranged side by side of 
length of set amounts different from each other; a 
second slab waveguide 5; and a plurality of optical 
output waveguides 6 arranged side by side. To at 
least one optical output waveguide 6 of the array 
waveguide diffraction grating 20, a grating part 7 for reflecting the output wavelength 
light of the corresponding optical output waveguide 6 is connected. The grating part 7 is 
provided with a dispersion amount varying means 19 for varying the dispersion amount of 
the reflected light wavelength of the corresponding grating part 7 by supplying heat 
distribution changing in a longitudinal direction. 
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CLAIMS 



tClaim(s)] 
[Claim 1] 

At least one optical input waveguide and the 1st slab waveguide connected to the output side of this optical input 
waveguide, it connects with the output side of this 1st slab waveguide - having - mutual - a setup - **** -- with the 
array waveguide which consists of the channel waveguide by which two or more side-by-side installation of the die 
length was carried out It has the array waveguide diffraction grating which has the 2nd slab waveguide connected to 
the output side of this array waveguide, and the optical output waveguide by which was connected to the output side 
of this 2nd slab waveguide, and two or more side-byside installation was carried out. The grating section which 
reflects^the output wavelength light of corresponding optical output waveguide in at least one optical output 
waveguide of this array waveguide diffraction grating is connected. The optical module characterized by establishing 
the variance adjustable means which carries out adjustable [ of the variance of the reflected light wavelength of the 
grating section which gives the heat distribution which changes to a longitudinal direction to this grating section, and 
corresponds ]. 
[Claim 2] 

At least one optical input waveguide and the 1st slab waveguide connected to the output side of this optical input 
waveguide, it connects with the output side of this 1st slab waveguide " having - mutual - a setup " **** - with the 
array waveguide which consists of the channel waveguide by which two or more side-by-side installation of the die 
length was carried out It has the array waveguide diffraction grating which has the 2nd slab waveguide connected to 
the output side of this array waveguide, and the optical output waveguide by which was connected to the output side 
of this 2nd slab waveguide, and two or more side-byside installation was carried out. The grating section which 
reflects the output wavelength light of corresponding optical output waveguide in at least one optical output 
waveguide of this array waveguide diffraction grating is formed. The optical module characterized by establishing the 
variance adjustable means which carries out adjustable [ of the variance of the reflected light wavelength of the 
grating section which gives the heat distribution which changes to a longitudinal direction to each grating section, 
and corresponds ]. 
[Claim 3] 

A variance adjustable means is an optical module according to claim 1 or 2 characterized by having at least one side 
of the 1st heat distribution grant means which gives the heat distribution to which temperature becomes high as it 
goes to the grating section from the end side at an other end side, and the 2nd heat distribution grant means which 
gives the heat distribution to which temperature becomes low as it goes to said grating section from the end side at an 
other end side. 
[Claim 4] 

The 1st heat distribution grant means has the 1st heater formed along with the longitudinal direction of the grating 
section. This 1st heater is formed so that it may become large as the resistance goes to an other end side from the end 
side of said grating section. The 2nd heat distribution grant means has the 2nd heater formed along with the 
longitudinal direction of the grating section. This 2nd heater is an optical module according to claim 3 characterized 
by being formed so that it may become small as the resistance goes to an other end side from the end side of said 
grating section. 
[Claim 5] 

The 1st heater which the variance adjustable means has the 1st heat distribution grant means and the 2nd heat 
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distribution grant means, and forms said 1st heat distribution grant means, and the 2nd heater which forms said 2nd 
"heat distribution grant means are an optical module according to claim 4 characterized by being mutually formed in 
the opposite side on both sides of the grating section. 
•[Claim 6] 

The good variations powder slope compensator characterized by reducing the distributed slope of the connection other 
party which prepares the end side of a circulator in the input side of an array waveguide diffraction grating prepared 
in the optical module of any one publication of claim 1 thru/or claim 5, and is established in the other end side of this 
circulator. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

This invention relates to the optical module used as objects for optical communication, such as for example, 
wavelength division multiplex transmission, and the distributed slope compensator using the optical module. 
[0002] 

[Background of the Invention] 

In recent years, when making the transmission capacity increase in optical communication is performed and it 
performs high speed and high capacity communication, in order to control transmission degradation by accumulation 
distribution, it is indispensable to apply a distributed compensation technique. 
[0003] 

Generally distributed compensation is performed using the distributed compensation optical fiber with distribution of 
a sign contrary to the optical fiber for transmission. What [ not only ] is used carrying out a modularization but a 
distributed compensation optical fiber is cable ized to a distributed compensation optical fiber, and there are some 
which are used as the transmission line in it. 
[0004] 

However, generally the optical fiber and distributed compensation optical fiber for the transmission lines currently 
used for the transmission line have a mutually different distributed slope, and residual variance differs to 
wavelength on the whole (optical fiber + distribution compensation optical fiber for transmission lines) track. That is, 
the residue powder of the whole track changes with the class of laid transmission line, die length, and the classes of 
distributed compensation optical fiber and die length. Moreover, variance is changed by the difference in the 
environmental temperature of the whole track etc. 
[0005] 

Then, in each transmission line, variance can be set up for every wavelength and development of the distributed slope 
compensation device with which distribution can be compensated for every wavelength is desired. The request of such 
a device is high in especially high-speed transmission. 
[0006] 

As mentioned above, an example as shown in drawing 5 can be considered as an example of the distributed slope 
compensator (distributed slope compensation device) which can carry out adjustable [ of the variance ] for every 
wavelength. This distributed slope compensator connects the light wave length multi/demulitip lexer 15 to the output 
side of the distributed compensation optical fiber 14, connects the optical fiber 16 for an output to the outgoing end of 
the light wave length multi/demulitip lexer 15, respectively, and is formed. 
[0007] 

The distributed compensation means 17 (l7a-17d, ...) is connected to the section through the circulator 11 
(lla-lld, ...) in the middle of each optical fiber 16 for an output. The distributed compensation means 17 has the 
optical fiber grating in which the grating was formed in an optical fiber, and is formed in it. 
[0008] 

As shown in drawing 5 , it connects with the optical fiber 40 for transmission, and is used, and, as for this distributed 
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slope compensator, the input edge 24 of the distributed compensation optical fiber 14 which is the input edge of a 
distributed slope compensator is connected to the optical fiber 40 for transmission in this case. Moreover, the outgoing 
end (outgoing end of each optical fiber 16 for an output) 25 of a distributed slope compensator is connected to a 
receiver (not shown), respectively. 
[0009] 

This distributed slope compensator compensates most wavelength dispersion of the optical fiber 40 for transmission 
with the distributed compensation optical fiber 14, and compensates the remaining wavelength dispersion with a 
distributed compensation means 17 to correspond for every wavelength. 
[0010] 

That is, the wavelength multiplexing light which spread the optical fiber 40 for transmission is in the condition that 
most wavelength dispersion was compensated with the distributed compensation optical fiber 14, is inputted into the 
fight wave length multi/demulitiplexer 15, and is separated spectrally for every wavelength by the light wave length 
multi/demulitiplexer 15. And incidence of the light of each wavelength is carried out to the corresponding optical fiber 
16 for an output, and it carries out incidence to the 1st port 21 of the corresponding circulator 11, respectively. 
[0011] 

The above-mentioned circulator 11 outputs the fight which outputs the light inputted from the 1st port 21 from the 
2nd port 22, and is inputted from the 2nd port 22 from the 3rd port 23, as shown in drawing 6 . That is, if light is 
inputted into the 1st port 21 of a circulator 11, this fight will be transmitted in order of the 1st port 21 -> 2nd port 22, 
and the 2nd port 22 ■> 3rd port 23. 
[0012] 

Therefore, as shown in drawing 5 , incidence of the light which carried out incidence to the 1st port 21 of each 
circulator 11 is carried out to the distributed compensation means 17 from the 2nd port 22 of a circulator 11, and 
distributed compensation is carried out for every wavelength with the distributed compensation means 17. Incidence 
of this fight by which distributed compensation was carried out is again carried out to a circulator 11 from the 2nd 
port 22, and it returns from the 3rd port 23 of a circulator 11 to the optical fiber 16 for an output. 
[0013] 

The light which returned to the optical fiber 16 for an output is received by the receiver (not shown) connected to the 

optical fiber 16 for an output. 

[0014] 

[Problem(s) to be Solved by the Invention] 

However, if the number of wavelength which carries out distributed compensation increased, since the distributed 
slope compensator shown in drawing 5 needed to increase a circulator 11 and the distributed compensation means 17 
in proportion to the number of wavelength, its components mark increased and it had the problem that cost will 
become high. 
[0015] 

When forming an optical amplifier 18 in the section in the middle of the optical fiber 16 for an output in order to 
secure the output light reinforcement from a distributed slope compensator as especially shown in drawing 7 , in 
order also to have to increase an optical amplifier 18 in proportion to the increment in the number of wavelength 
which carries out distributed compensation, cost will become high further. 
[0016] 

Made in order that this invention may solve the above-mentioned conventional technical problem, even if the purpose 
has many wavelength which carry out distributed compensation, it can suppress low the increment in the 
components mark of a distributed slope compensator, and it is to offer the optical module which can aim at reduction 
of cost, and the distributed slope compensator using the module. 
[0017] 

[Means for Solving the Problem] 

In order to attain the above-mentioned purpose, this invention has the following configurations and makes them The 
means for solving a technical problem. The optical module of the 1st invention Namely, at least one optical input 
waveguide, it connects with the output side of the 1st slab waveguide connected to the output side of this optical input 
waveguide, and this 1st slab waveguide ~ having - mutual " a setup -- **** -- with the array waveguide which 
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consists of the channel waveguide by which two or more side "by side installation of the die length was carried out It 
has the array waveguide diffraction grating which has the 2nd slab waveguide connected to the output side of this 
array waveguide, and the optical output waveguide by which was connected to the output side of this 2nd slab 
Waveguide, and two or more side-by-side installation was carried out. The grating section which reflects the output 
wavelength light of corresponding optical output waveguide in at least one optical output waveguide of this array 
waveguide diffraction grating is connected. It is considering as a means to solve a technical problem with the 
configuration which established the variance adjustable means which carries out adjustable [ of the variance of the 
reflected light wavelength of the grating section which gives the heat distribution which changes to a longitudinal 
direction to this grating section, and corresponds ]. 
[0018] 

The optical module of the 2nd invention Moreover, at least one optical input waveguide, it connects with the output 
side of the 1st slab waveguide connected to the output side of this optical input waveguide, and this 1st slab 
waveguide - having - mutual - a setup - **** - with the array waveguide which consists of the channel waveguide 
by which two or more side-byside installation of the die length was carried out It has the array waveguide diffraction 
grating which has the 2nd slab waveguide connected to the output side of this array waveguide, and the optical 
output waveguide by which was connected to the output side of this 2nd slab waveguide, and two or more side-by-side 
installation was carried out. The grating section which reflects the output wavelength light of corresponding optical 
output waveguide in at least one optical output waveguide of this array waveguide diffraction grating is formed. It is 
considering as a means to solve a technical problem with the configuration which established the variance adjustable 
means which carries out adjustable [ of the variance of the reflected light wavelength of the grating section which 
gives the heat distribution which changes to a longitudinal direction to each grating section, and corresponds ] . 
[0019] 

The optical module of the 3rd invention is added to the configuration of the above 1st or the 2nd invention. 
Furthermore, said variance adjustable means The 1st heat distribution grant means which gives the heat 
distribution to which temperature becomes high as it goes to the grating section from the end side at an other end 
side, It is considering as a means to solve a technical problem with the configuration which has at least one side of the 
2nd heat distribution grant means which gives the heat distribution to which temperature becomes low as it goes to 
said grating section from the end side at an other end side. 
[0020] 

Furthermore, the optical module of the 4th invention is added to the configuration of invention of the above 3rd. Said 
1st heat distribution grant means has the 1st heater formed along with the longitudinal direction of the grating 
section. This 1st heater is formed so that it may become large as the resistance goes to an other end side from the end 
side of said grating section. The 2nd heat distribution grant means has the 2nd heater formed along with the 
longitudinal direction of the grating section. This 2nd heater is made into a means to solve a technical problem with 
the configuration currently formed so that it may become small as the resistance goes to an other end side from the 
end side of said grating section. 
[0021] 

Furthermore, the optical module of the 5th invention is added to the configuration of invention of the above 4th. Said 
variance adjustable means has the 1st heat distribution grant means and the 2nd heat distribution grant means. The 
1st heater which forms said 1st heat distribution grant means, and the 2nd heater which forms said 2nd heat 
distribution grant means are made into a means to solve a technical problem with the configuration currently 
mutually formed in the opposite side on both sides of the grating section. 
[0022] 

Furthermore, the distributed slope compensator of the 6th invention is made into a means to solve a technical 
problem with the configuration which reduces the distributed slope of the connection other party which prepares the 
end side of a circulator in the input side of an array waveguide diffraction grating prepared in any one optical module 
of the above 1st thru/or the 5th invention, and is established in the other end side of this circulator. 
[0023] 

[Embodiment of the Invention] 

Hereafter, the gestalt of operation of this invention is explained with reference to a drawing. In addition, in 
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explanation of this example of an operation gestalt, the same sign is given to the same name part as said example of a 
proposal, and the duplication explanation is omitted or simplified. The schematic diagram of the example of the 1st 
operation gestalt of the distributed slope compensator using the optical module concerning this invention is typically 
shown in (a) of drawing 1 . 
[0024] 

As shown in (a) of drawing 1 , the distributed slope compensator of this example of an operation gestalt has the 
optical module 50, and this optical module 50 has the grating section 7 and the variance adjustable means 19 which 
connected with the array waveguide diffraction grating 20 at the output side. 
[0025] 

Moreover, the distributed slope compensator of this example of an operation gestalt connects to the input side of the 
array waveguide diffraction grating 20 of the optical module 50 the 2nd port 22 which is the end side of a circulator 11, 
and is formed in it. 
[0026] 

The distributed slope compensator of this example of an operation gestalt reduces the distributed slope of the 
connection other party established in the 1st port 21 which is the other end side of a circulator 11, and compensates 
the distributed slope of the optical fiber 40 for transmission as the connection other party. 
[0027] 

The optical fiber 40 for transmission is formed with the distributed shift optical fiber which has zero distribution 
wavelength in the setting wavelength (about 1562nm) for example, in wavelength the band of 1.55 micrometers. The 
optical fiber 40 for transmission of this example of application has negative distribution and a forward distributed 
slope in the wavelength of 1530nm - about 1565nm among wavelength the bands of 1.55 micrometers, as shown in 
the characteristic ray b of drawing 2 . 
[0028] 

As shown in (a) of drawing 1 , the array waveguide diffraction grating 20 On a substrate 1, at least one optical input 
waveguide 2 (here plurality), The 1st slab waveguide 3 connected to the output side of this optical input waveguide 2, 
and the array waveguide 4 connected to the output side of this 1st slab waveguide 3, The waveguide formation field 
10 which has the 2nd slab waveguide 5 connected to the output side of this array waveguide 4 and the optical output 
waveguide 6 by which was connected to the output side of this 2nd slab waveguide 5, and two or more (here 20) 
side-by-side installation was carried out is formed. 
[0029] 

the above-mentioned array waveguide 4 mutual - a setup - **** it consists of channel waveguide 4a by which 
two or more side-byside installation of the die length was carried out, and much channel waveguide 4a is usually 
prepared, as it was called 100. However, in (a) of drawing 1 , the number of channel waveguide 4a is simplified and 
shown, and the number of the optical input waveguide 2 or the optical output waveguide 6 is simplified and shown 
similarly. 
[0030] 

The wavelength multiplexing light inputted into one optical input waveguide 2 is separated spectrally into the light 
from which wavelength differed, and the array waveguide diffraction grating 20 has the function which outputs this 
spectral separation light from different optical output waveguide 6 for every wavelength. In addition, the main 
wavelength of the fight separated spectrally is proportional to the difference (deltaL) of the die length of channel 
waveguide 4a which the array waveguide 4 adjoins, and the effective refractive index (effective refractive index) nc of 
the array waveguide 4 like common knowledge. 
[0031] 

As for the array waveguide diffraction grating 20 applied to this example of an operation gestalt, relative index 
difference delta is 0.8%, and the cross-section dimension of the core in the outgoing end section of the optical output 
waveguide 6 of 6.5micrometerx6.5micrometer and the pitch between cores is 250 micrometers. 
[0032] 

Moreover, this array waveguide diffraction grating 20 has a multiplexing/demultiplexing function with a frequency 
spacing of 200GHz, and has the function which carries out multiplexing/demultiplexing of the 20~channel light whose 
wavelength spacing is about 1.6nm in wavelength the band of 1.55 micrometers (for example, wavelength of about 
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1530nm - about 1565nm). The multiplexing/demultiplexing wavelength of this array waveguide diffraction grating 20 
*is set up so that it may become ITU grid wavelength mostly, and the free spectral region of this array waveguide 

diffraction grating 20 is 6400GHz. 
-[0033] 

In this example of an operation gestalt, the substrate 30 with the separate substrate 1 of the array waveguide 
diffraction grating 20 is connected to the optical output waveguide 6 side of the above-mentioned array waveguide 
diffraction grating 20. The optical waveguide 31 for gratings is formed on the substrate 30, and said grating section 7 
is formed in each optical waveguide 31 for gratings. 
[0034] 

In this example of an operation gestalt, 20 optical output waveguides 6 are formed in the array waveguide diffraction 
grating 20, the optical waveguide 31 for gratings corresponding to each optical output waveguide 6 is connected to it, 
and, thereby, it connects with the optical output waveguide 6 to which said grating section 7 corresponds. 
[0035] 

As for the optical waveguide 31 for gratings, relative index difference delta is 0.8%, and the cross-section dimension of 
a core of 6.5micrometerx6.5micrometer and the pitch between cores is 250 micrometers like the outgoing end section 
of the optical output waveguide 6. Moreover, the optical waveguide 31 for gratings is straight-line waveguide, and the 
die length is about 7cm. 
[0036] 

Said grating section 7 is constituted so that the light of the setting wavelength band containing the output 
wavelength of the corresponding optical output waveguide 6 set up beforehand may be reflected, and it has the 
function in which each grating section 7 reflects the output wavelength of said corresponding optical output 
waveguide 6, by this configuration. 
[0037] 

[The output core wavelength (nm) which corresponds in the temperature designed beforehand] / 2/[the effective 
refractive index (here 1.451) of an optical fiber] have determined the grating period of each grating section 7, and the 
die length of the grating section 7 is set to about 6cm. 
[0038] 

Each grating section 7 is the fiber Bragg grating which irradiated ultraviolet radiation using the well-known phase 
mask method, and formed periodically in the end side of the optical fiber 16 for an output the field where a refractive 
index is high, and the field where a refractive index is low the fixed period (grating pitch) at the optical fiber 
longitudinal direction. 
[0039] 

The above-mentioned ultraviolet radiation exposure is performed to the optical fiber by infiltrating hydrogen in the 
high-pressure hydrogen container. A dehydrogenation is performed after grating formation and heating aging is 
performed for 5 minutes at 250 degrees C after that. 
[0040] 

In this example of an operation gestalt, the variance adjustable means 19 which carries out adjustable [ of the 
variance of the reflected fight wavelength of the grating section 7 which gives the heat distribution which changes to 
the longitudinal direction, and corresponds ] is formed in each grating section 7. In addition, in (a) of drawing 1 , 
variance adjustable means 19 other than variance adjustable means 19 formed in the grating section 7 of the optical 
waveguide 31 for gratings shown on No. 1 are omitted and shown. 
[0041] 

The variance adjustable means 19 has 1st heater 9a and 2nd heater 9b which were formed along with the 
longitudinal direction of each grating section, as shown in (b) of drawing 1 . 1st heater 9a and 2nd heater 9b are 
mutually formed in the opposite side on both sides of the grating section 7. Thickness is the thin film heater made 
from Cr which is 0.5 micrometers, and the 1st and 2nd heater 9a and 9b is formed by the spatter and the lift-off 
method. 
[0042] 

1st heater 9a is formed so that it may become large, as the resistance goes to other end side 13 from end side of the 
grating section 7 12. 1st heater 9a forms in the grating section 7 1st heat distribution grant means 8a which gives the 
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heat distribution to which temperature becomes high as it goes to other end side 13 from end side 12. 
T0043] 

Said 2nd heater 9b is formed so that it may become small, as the resistance goes to other end side 13 from end side of 
the grating section 7 12. 2nd heater 9b forms in the grating section 7 2nd heat distribution grant means 8b which 
gives the heat distribution to which temperature becomes low as it goes to other end side 13 from end side 12. 
[0044] 

In addition, the energization means which is not illustrated is connected to the 1st and 2nd heater 9a and 9b, and the 
1st and 2nd heat distribution grant means 8a and 8b has this energization means and 1st and 2nd heater 9a and 9b, 
is formed, and forms said variance adjustable means 19. 
[0045] 

That is, in this example of an operation gestalt, when the heat distribution to which temperature becomes high arises 
and it energizes to 2nd heater 9b as it goes to an other end side from the end side of the grating section 7, when an 
energization means energizes to 1st heater 9a, the heat distribution to which temperature becomes low arises as it 
goes to an other end side from the end side of the grating section 7. Therefore, a heater can be formed very easily and 
heat distribution can be formed. 
[0046] 

Moreover, if adjustable [ of the electrical potential difference ] is carried out with an energization means and the 
amount of energization to the 1st and 2nd heater 9a and 9b is made [ many ], the inclination of the above-mentioned 
heat distribution will become large, and if the amount of energization is lessened, the inclination of the 
above-mentioned heat distribution will become small. 
[0047] 

Here, the design approach of the variance of reflected wave Nagamitsu by the grating section 7 is described. 
[0048] 

If the die length of a longitudinal direction of an optical passage path like an optical fiber or optical waveguide is 
expressed with x on the basis of the incidence edge to the grating section 7 and the rate of a chirp which is rate of 
change of the longitudinal direction of ** (x) and a grating period about the period of a grating [ in / for the grating 
period (grating period in the incidence edge of the grating section 7) of x= 0 (that is, criteria location) / **0 and a 
location x ] is set to alpha, a degree type (l) will be realized. 
[0049] 

**(x) =**0+ alpha-x (1) 

[0050] 

Moreover, alpha is forward, when becoming large as a grating period goes to the opposite side from optical incidence 
one end of the grating section along with the longitudinal direction of the grating section. On the other hand, alpha is 
negative, when becoming small as a grating period goes to the opposite side from optical incidence one end of the 
grating section along with the longitudinal direction of the grating section. 
[0051] 

Moreover, reflected wave length [ of the grating in a location x ] lambda (x) is expressed with a degree type (2). 
[0052] 

lambda(x) =2neff and **(x) =2neff (**0+ alpha-x) (2) 

[0053] 

In addition, neff is the effective refractive index of an optical passage path. In this example of an operation gestalt, it 

was referred to as neff=1.451 in the wavelength of 1.55 micrometers. 

[0054] 

The time amount (time delay) tau until the light which carried out incidence to the grating section 7 returns to an 

incidence edge again in a location x sets the velocity of light to c, and is expressed by the degree type (3). 

[0055] 

tau(x) =2 neff-x/c (3) 

[0056] 

The wavelength of the light reflected and the relation of the time delay over the light are expressed by the degree type 
(4) from a formula (2) and (3). 
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[0057] 

'tau(x) = {lambda(x)-2neff and **0} /(alpha-c) (4) 

[0058] 

if this formula (4) is differentiated on wavelength, it will become wavelength dispersion D, will be expressed with a 

degree type (5), and will be determined only at said rate of a chirp. 

[0059] 

D=**tau/**lambda=l/(alpha-c) (5) 

[0060] 

The above-mentioned rate of a chirp (rate of change of the longitudinal direction of a grating period) can carry out an 
adjustable setup by changing the heat distribution of the longitudinal direction of the grating section 7, and changing 
the grating period of a light transmission path to a longitudinal direction. Therefore, in this example of an operation 
gestalt, the variance of the reflected light wavelength of each grating section 7 can be suitably set up by setting up 
suitably the change rate of heat distribution of changing to the longitudinal direction of the grating section 7. 
[0061] 

Moreover, the side near the incidence one end reflects the light by the side of short wavelength, for example, the 
grating section 7 can set up a far side so that the light by the side of long wavelength may be reflected, and the 
reflected wave length bandwidth (compensation bandwidth by the grating section 7) of each grating section 7 can be 
found from the difference of the reflected wave length in the both ends of the grating section 7. 
[0062] 

That is, when the reflected wave length bandwidth of the grating section 7 is determined based on said formula (2), 
the reflected wave length bandwidth BW of the grating section 7 is shown by the degree type (6), using the die length 
of the grating section 7 as 1. 
[0063] 

BW=2 neffalpha-1 (6) 

[0064] 

This example of an operation gestalt is based on the above-mentioned formula (5) and (6). Each grating section 7 So 
that it may have the function to reflect the light of the setting reflected wave length band containing the output 
wavelength light of the optical output waveguide 6 to which the array waveguide diffraction grating 20 corresponds 
and proper setting variance can be given to the output wavelength light of the corresponding optical output 
waveguide 6 Die-length 1 of the rate ialpha of a chirp of the grating period of the grating section 7 and the grating 
section 7 is determined. 
[0065] 

Moreover, since 1st heat distribution grant means 8a gives like the above the heat distribution to which temperature 
becomes high as it goes to other end side 13 from end side 12 at the grating section 7, if heat distribution is given to 
the grating section 7 by 1st heat distribution grant means 8a, forward wavelength dispersion will arise (if it energizes 
to 1st heater 9a). 
[0066] 

On the other hand, since 2nd heat distribution grant means 8b gives the heat distribution to which temperature 
becomes low to the grating section 7 as it goes to other end side 13 from end side 12, if heat distribution is given to the 
grating section 7 by 2nd heat distribution grant means 8b, negative wavelength dispersion will produce it (if it 
energizes to 2nd heater 9b). 
[0067] 

Then, when performing distributed compensation of the optical fiber 40 for transmission of the above-mentioned 
example of application, it carried out to giving heat distribution to the grating section 7 by 1st heat distribution grant 
means 8a, and producing forward wavelength dispersion. 
[0068] 

If this example of an operation gestalt is constituted as mentioned above, for example, wavelength multiplexing light 
is inputted into the distributed slope compensator of this example of an operation gestalt from the optical fiber 40 for 
transmission, incidence of this wavelength multiplexing light will be carried out to a circulator 11 from the 1st port 21 
of a circulator 11, and it will carry out incidence to the array waveguide mold diffraction grating 20 from the 2nd port 
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22 of a circulator 11. 
10069] 

And incidence of this wavelength multiplexing light is carried out to one optical input waveguide 2 of the array 
•waveguide diffraction grating 20, it is separated spectrally by the array waveguide diffraction grating 20, and 
outgoing radiation of it is carried out from each optical output waveguide 6 of the array waveguide diffraction grating 
20. From each optical output waveguide 6, incidence of each wavelength light which carried out outgoing radiation is 
carried out to the optical waveguide 31 for gratings, and it is spread. 
[0070] 

Although it will reflect by the grating section 7 to which the output wavelength light of each optical output waveguide 
6 corresponds if it does so, adjustable [ of the variance of the reflected light wavelength of the grating section 7 ] is 
carried out by the variance adjustable means 19, setting variance is given to each reflected light wavelength (a group 
delay difference given), and it will be in the condition that the amount of wavelength dispersion of the output 
wavelength light of each optical output waveguide 6 was compensated. And the light of each of this wavelength by 
which distributed compensation was carried out follows and spreads the array waveguide diffraction grating 20, and 
a path contrary to the above is multiplexed [ diffraction grating ] in it. 
[0071] 

That is, in the distributed slope compensator of this example of an operation gestalt, the group delay given to 
reflected wave Nagamitsu of each grating section 7 serves as a property shown in O of drawing 2 , and setting 
distribution (setting group delay difference) is given in the range of **0.2nm ITU grid wavelength which is mostly in 
agreement with the output wavelength from each optical output waveguide 6. 
[0072] 

The property shown in O of drawing 2 is on the characteristic ray a of drawing 2 , and this characteristic ray a is 
group delay frequency characteristics required in order to compensate the group delay frequency characteristics of 
the optical fiber 40 for transmission shown in the characteristic ray b of drawing 2 . Therefore, this example of an 
operation gestalt can compensate about 0 for the group delay frequency characteristics of the optical fiber 40 for 
transmission by the group delay given to reflected wave Nagamitsu of each grating section 7, and compensation of 
wavelength dispersion is performed. 
[0073] 

In addition, in this example of an operation gestalt, a receiver (not shown) is connected to the 3rd port 23 of a 
circulator 11 shown in (a) of drawing 1 through an optical separator. Distributed compensation is carried out as 
mentioned above, incidence of the multiplexing light it was multiplexed [ light ] by the array waveguide diffraction 
grating 20 is carried out to a circulator 11 from the 2nd port 22 of a circulator 11, and it is received by the receiver 
through an optical separator from the 3rd port 23 of a circulator 11. 
[0074] 

according to this example of an operation gestalt, as mentioned above, the grating section 7 be connect to each optical 
output waveguide 6 of the array waveguide diffraction grating 20, coincidence can be compensate for the wavelength 
dispersion of the wavelength light of plurality (here 20) in the range of **0.2nm ITU grid wavelength with the very 
easy configuration which established the variance adjustable means 19 which carry out adjustable [ of the variance of 
the reflected light wavelength of the grating section ] about 0, and a distributed slope can be compensate with it. 
[0075] 

Moreover, in order that the configuration of this example of an operation gestalt may determine the number of 
wavelength which be make equivalent to the number of wavelength which carry out distributed compensation, and 
carry out multiplexing/demultiplexing by the array waveguide diffraction grating 20 and may just set up the number 
of the grating section 7 and the variance adjustable means 19, even if there be many wavelength which carry out 
distributed compensation, an equipment configuration do not become complicated and it cause neither the steep 
increment in components mark, nor a steep cost rise. 
[0076] 

Moreover, in this example of an operation gestalt, in order to secure the output light reinforcement from a distributed 
slope compensator, for example, also when forming an optical amplifier in a distributed slope compensator, increase of 
components mark can be controlled that what is necessary is just to form an optical amplifier in the output side of the 
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return light from the array waveguide diffraction grating 20 of a circulator 11. 
'[0077] 

In addition, like the above, this example of an operation gestalt has 1st heat distribution grant means 8a and 2nd 
•heat distribution grant means 8b, and can set up suitably the sign of the distribution given to the grating section 7 by 
operating both these heat distribution grant both [ either or ] 8a and 8b. 
[0078] 

Therefore, the wavelength dispersion of various optical fibers 40 for transmission can be compensated by making the 
distributed slope compensator of this example of an operation gestalt correspond to the wavelength dispersion of the 
optical fiber 40 for transmission connected not only to the above-mentioned example of application but to a 
distributed slope compensator, operating both 1st heat distribution grant means 8a, and the 2nd heat distribution 
grant means 8both [ one side or ], and carrying out adjustable [ of the amount of energization to Heaters 9a and 9b ]. 
[0079] 

The schematic diagram of the example of the 2nd operation gestalt of the distributed slope compensator using the 
optical module concerning this invention is typically shown in (a) of drawing 3 . The example of the 2nd operation 
gestalt is constituted almost like the above-mentioned example of the 1st operation gestalt, and the characteristic 
thing which the example of the 2nd operation gestalt differs from the above-mentioned example of the 1st operation 
gestalt is having formed the grating section 7 of a waveguide mold in the optical output waveguide 6 of the array 
waveguide diffraction grating 20. 
[0080] 

The example of the 2nd operation gestalt is constituted as mentioned above, and can do so the effectiveness as the 
above-mentioned example of the 1st operation gestalt that the example of the 2nd operation gestalt is also the same. 
[0081] 

Moreover, since the grating section 7 is formed in the optical output waveguide 6 of the array waveguide diffraction 
grating 20, the equipment configuration of a distributed slope compensator can be simplified further, and, as for the 
example of the 2nd operation gestalt, about 0.5dB also of optical passage loss can also be made small to the example 
of the 1st operation gestalt. 
[0082] 

The schematic diagram of the example of the 3rd operation gestalt of the distributed slope compensator using the 

optical module concerning this invention is typically shown in (a) of drawing 4 . 

[0083] 

The example of the 3rd operation gestalt connects two or more optical fibers 16 for an output to the output side of the 
array waveguide diffraction grating 20, and the optical module 50 is formed and it is connected to the optical output 
waveguide 6 to which the grating section 7 is formed in each optical fiber 16 for an output, and the array waveguide 
diffraction grating 20 corresponds. In addition, the optical fiber 16 for an output is connected to the array waveguide 
diffraction grating 20 by the fiber array 26 at the array waveguide diffraction grating 20 through the optical fiber 
tape core wire 27 by which connection immobilization was carried out. 
[0084] 

The variance adjustable means 19 which carries out adjustable [ of the variance of the reflected light wavelength of 
the grating section 7 which gives the heat distribution which changes to a longitudinal direction to each grating 
section 7, and corresponds also in the example of the 3rd operation gestalt about the case where the optical fiber 40 
for transmission is formed with the distributed shift optical fiber which has zero distribution wavelength, for example 
in the setting wavelength (about 1562nm) in wavelength the band of 1.55 micrometers so that the wavelength 
dispersion of this optical fiber 40 for transmission can be compensated ] was attached. In addition, commercial 
components are sufficient as the variance adjustable means 19. 
[0085] 

Moreover, the circulator 11 was connected to the input side of the array waveguide diffraction grating 20 of the optical 

module 50 in the example of the 3rd operation gestalt. 

[0086] 

The example of the 3rd operation gestalt is constituted as mentioned above, and can do so the effectiveness as the 
above-mentioned example of the 1st and 2nd operation gestalt that the example of the 3rd operation gestalt is also 
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the same. 
[0087] 

In addition, this invention is not limited to each above -mentioned example of an operation gestalt, and can take the 
mode of various operations. For example, in each above-mentioned example of an operation gestalt, the variance 
adjustable means 19 may be made to correspond to the wavelength dispersion of the connection other party which 
connects a distributed slope compensator, for example although considered as the configuration which has 1st heat 
distribution grant means 8a and 2nd heat distribution grant means 8b, and the variance adjustable means 19 may 
prepare and form only any of 1st heat distribution grant means 8a and 2nd heat distribution grant means 8b, or one 
side. 
[0088] 

Moreover, although 1st heat distribution grant means 8a and 2nd heat distribution grant means 8b had the heaters 
9a and 9b formed in the both sides, respectively along with the grating section 7 in each above-mentioned example of 
an operation gestalt, respectively, especially the configuration of 1st heat distribution grant means 8a or 2nd heat 
distribution grant means 8b is not limited, and is set up suitably. 
[0089] 

For example, although the heater production technique in which precision is very high is needed compared with each 
above-mentioned example of an operation gestalt, 1st heat distribution grant means 8a and 2nd heat distribution 
grant means 8b may be formed by forming a heater between the grating pitches of the grating section 7, and setting 
up the resistance of this heater suitably. 
[0090] 

Furthermore, the detailed configuration of the array waveguide diffraction grating 20 applied to the optical module 
and distributed slope compensator of this invention cannot necessarily be restricted as considering as the 
configuration of the array waveguide diffraction grating 20 applied to each above-mentioned example of an operation 
gestalt, but can apply suitably conventional various array waveguide diffraction gratings constituted or proposed, 
and the number of multiplexing/demultiplexing wavelength is also set up suitably. 
[0091] 

Furthermore, in the optical module and distributed slope compensator of this invention, especially the formation 
gestalt of the grating section 7 formed in the topology of the optical output waveguide 6 of the array waveguide 
diffraction grating 20 and the grating section 7 and the optical output waveguide 6 of the array waveguide diffraction 
grating 20 is not limited, and is set up suitably. 
[0092] 

However, if the grating section 7 is formed in the optical output waveguide 6 like the above-mentioned example of the 
2nd operation gestalt, since fight transmission loss can be reduced by about IdB compared with the ** case which 
forms the grating section 7 in the optical fiber 16 for an output like the above-mentioned example of the 3rd operation 
gestalt, and connects the optical fiber 16 for an output to the array waveguide diffraction grating 20, it is desirable. 
[0093] 

[Effect of the Invention] 

According to the optical module and distributed slope compensator of this invention, to at least one optical output 
waveguide of an array waveguide diffraction grating The grating section which reflects the output wavelength light of 
corresponding optical output waveguide is connected or formed. By carrying out adjustable [ of the variance of the 
reflected light wavelength of the grating section which gives the heat distribution which changes with variance 
adjustable means to a longitudinal direction to the grating section, and corresponds ], the variance of two or more 
wave light can be separately compensated at once for two or more wave fight of every. 
[0094] 

That is, even when there is many wavelength which carry out distributed compensation, they are made to correspond 
to the number of wavelength, and form an array waveguide diffraction grating and the grating section, and the 
optical module and distributed slope compensator of this invention only give the heat distribution which changes to 
the grating section at a longitudinal direction, can reduce the variance of two or more wave light at once easily with 
an easy configuration, and can control a cost rise. 
[0095] 
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Furthermore, in the optical module and distributed slope compensator of this invention, according to the 
configuration whose variance adjustable means has at least one side of the 1st heat distribution grant means and the 
2nd heat distribution grant means, proper heat distribution can be given to the grating section and the 
^ibove- mentioned effectiveness can be demonstrated with these heat distribution grant means. 
[0096] 

Furthermore, according to the configuration in which the 1st heat distribution grant means which forms a variance 
adjustable means has the 1st heater, and is formed in, and the 2nd heat distribution grant means is formed by having 
the 2nd heater, in the optical module and distributed slope compensator of this invention, a heat distribution grant 
means can be formed easily. 
[0097] 

Furthermore, in the optical module and distributed slope compensator of this invention, according to the 
configuration which has the 1st heat distribution grant means in which a variance adjustable means has the 1st 
heater, and the 2nd heat distribution grant means which has the 2nd heater, since wavelength dispersion of the 
reflected light wavelength of the grating section is made to forward and negative, wavelength dispersion 
compensation of the connection other party can be performed much more exactly if needed. 
[Brief Description of the Drawings] 

[Drawing l] They are the important section block diagram (a) of the example of the 1st operation gestalt of the 
distributed slope compensator concerning this invention, and the mimetic diagram (b) showing the grating section 
circumference configuration of this example of the 1st operation gestalt. 

[Drawing 2] It is the graph which shows the example of group delay frequency characteristics of the distributed slope 
compensator of the above-mentioned example of an operation gestalt, and the example of group delay frequency 
characteristics of the optical fiber for transmission of the connection other party. 

[Drawing 3] They are the important section block diagram (a) of the example of the 2nd operation gestalt of the 
distributed slope compensator concerning this invention, and the mimetic diagram (b) showing the grating section 
circumference configuration of this example of the 1st operation gestalt. 

[Drawing 4] It is the important section block diagram of the example of the 3rd operation gestalt of the distributed 
slope compensator concerning this invention. 

[Drawing 5] It is the explanatory view showing the example of a proposal of a distributed slope compensator. 
[Drawing 6] It is the explanatory view showing the example of a circulator of operation. 

[Drawing 7] It is the explanatory view showing another example of a proposal of a distributed slope compensator. 
[Description of Notations] 

1 Substrate 

2 Optical Input Waveguide 

3 1st Slab Waveguide 

4 Array Waveguide 

4a Channel waveguide 

5 2nd Slab Waveguide 

6 Optical Output Waveguide 

7 Grating Section 

8a The 1st heat distribution grant means 

8b The 2nd heat distribution grant means 

9a The 1st heater 

9b The 2nd heater 

19 Variance Adjustable Means 
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distributed slope compensator concerning this invention, and the mimetic diagram (b) showing the grating section 
circumference configuration of this example of the 1st operation gestalt. 

[Drawing 2] It is the graph which shows the example of group delay frequency characteristics of the distributed slope 
compensator of the above-mentioned example of an operation gestalt, and the example of group delay frequency 
characteristics of the optical fiber for transmission of the connection other party. 

[Drawing 3] They are the important section block diagram (a) of the example of the 2nd operation gestalt of the 
distributed slope compensator concerning this invention, and the mimetic diagram (b) showing the grating section 
circumference configuration of this example of the 1st operation gestalt. 

[Drawing 4] It is the important section block diagram of the example of the 3rd operation gestalt of the distributed 
slope compensator concerning this invention. 

[Drawing 5] It is the explanatory view showing the example of a proposal of a distributed slope compensator. 
[Drawing 6] It is the explanatory view showing the example of a circulator of operation. 

[Drawing 7] It is the explanatory view showing another example of a proposal of a distributed slope compensator. 
[Description of Notations] 

1 Substrate 

2 Optical Input Waveguide 

3 1st Slab Waveguide 

4 Array Waveguide 

4a Channel waveguide 

5 2nd Slab Waveguide 

6 Optical Output Waveguide 

7 Grating Section 

8a The 1st heat distribution grant means 

8b The 2nd heat distribution grant means 
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